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Introduction {#sec001}
============

For a long time cyclists have used and shared the same road as motorised vehicles, creating unsafe conditions particularly for the former, who are more vulnerable and have fewer protections \[[@pone.0160399.ref001]\].

The intervention of colour in the bike lane is one of the measures used to increase safety for cyclists as well as for pedestrians and motorists \[[@pone.0160399.ref002]\].

Colour must be considered relevant both in terms of road safety and aesthetics. Its function to promote safety corresponds to the aims of adequately indicating events or particularities of the lane, and ensuring their message is recognised correctly and that this message is located in the right place \[[@pone.0160399.ref003]\]. It is also important to consider the use of colour in the environment as a factor that promotes the feeling of liking among an area's inhabitants, which is connected to the subjective meaning attributed to it \[[@pone.0160399.ref002]\]. In this sense urban planning acquires great relevance around the world, considering that visual quality and the environment are important factors when increasing the well-being and safety of a city's inhabitants \[[@pone.0160399.ref004],[@pone.0160399.ref005]\], and behavioural sciences are able to contribute to it \[[@pone.0160399.ref006]--[@pone.0160399.ref009]\].

Different countries around the world have intervened in the pavement colour of bike lanes for intersections with a heavy traffic flow and/or with higher accident rate so as to increase their safety while also creating more pleasant urban surroundings, using mainly blue, red, yellow and green \[[@pone.0160399.ref010]--[@pone.0160399.ref013]\]. Nevertheless, there is insufficient evidence of any colour being used more or less or the reasons that would bear out such a choice.

There are still few data on the effect of the intervention of pavement colour despite the impact this can have on road safety. Studies in this area include that of Hunter et al. \[[@pone.0160399.ref014]\], who used blue to mark the ten most troublesome intersections in the city of Portland, USA. Among the outcomes, modifications to certain cyclist behaviours were reported, such as turning one's head to look for a motorised vehicle (which went from 43% to 26%) and signalling a turn (reduced from 11% to 5%), both related to the sensation of safety that this intervention provided. In addition, before painting the pavement 63% of the motorists signalled in the area of contention, a behaviour that increased to 84%, and the percentage of motorists that yielded in the affected area raised from 70% to 92%.

In 2005, the Chicago Department of Transportation \[[@pone.0160399.ref015]\] used green to paint the bike lanes, a decision based on previous studies that found that this colour contrasts well with the pavement and has good visibility, thus increasing safety \[[@pone.0160399.ref010]--[@pone.0160399.ref013],[@pone.0160399.ref016]\].

In other lines of investigation, research has addressed the issue of the perception of colour and its correlation with subjects' behaviour through studies that report a comprehensive analysis of the relation between colour, meaning and psychological functioning. In this research area, Fetterman \[[@pone.0160399.ref002]\] reviews the psychology of colours, especially red due to its particular evolutionary and adaptive connotations, which renders it a transcultural colour associated with conditions that require alertness.

However, the findings that have been obtained in this research area have not been incorporated sufficiently into government programmes. For example, a study conducted in Melbourne, Australia, assessed the effect of red ochre on bike lane demarcations. Their results showed that red is well accepted, reporting that it increased the feeling of safety for the cyclists studied, while motorists were more aware of the existence of the cyclists sharing the lanes. Nevertheless, the road authority chose to use green to paint the bike lanes, which differs with the data reported in the previously mentioned study \[[@pone.0160399.ref017]\].

In Santiago de Chile---where the present study was conducted---the planning of new bike lanes does not present clear indications regarding the application of a specific colour, design, or any foundations for the choice \[[@pone.0160399.ref014],[@pone.0160399.ref015]\]. Currently streets in Santiago have bike lanes of various colours, including blue, yellow, red, white and green. In addition, there are three different designs applied to road intersections, namely fully-painted intersection, line-delimited intersection, and chess-board design. Colours and designs are utilized at discretion of the local authority, which could cause confusion instead of providing safety due to the lack of a uniform criterion for the road intervention \[[@pone.0160399.ref018],[@pone.0160399.ref019]\].

Avant et al. had already warned of the negative consequences of the lack of signalling standardization \[[@pone.0160399.ref020]\]. These authors investigated the effect on attention and response times to consistent or different symbols or signals (same sign, symbol and word of the same meaning, or signs with a different meaning). They found that the latency times and the accuracy of the response were better when there was consistency between the signs than when they were different, which applied to road safety suggests that the lack of norm or standardization of bike lane colour and design can affect their effectiveness.

In summary, investigations into the use of colour in bike lanes have reported an effect of the intervention in bike lanes with colour on the accident rate, as well as on the feeling of safety and the coexistence of the different users. At the same time, these studies have shown that there are still disagreements with respect to the colour, extent and design of the intervention on the pavement for bike lanes. Under this scenario, the authorities in charge of their design have partial information of data in this area, which translates into decisions which are not always scientifically validated and a shortage of empirical guidelines to help them decide which colour and design are best to secure the objectives of increasing safety and well-being in the use of bike lanes.

In light of the foregoing, the present study proposed in general to assess the perceptions that the inhabitants of Santiago de Chile have of the colour interventions used in bike lanes. Specifically, the relationship between the colour and visual saliency of a bike lane intersection and the subjective sensation of liking and the feeling of safety that the colour produces were analysed. At the same time, the effect of three types of designs of these interventions in Santiago on the same variables (visual saliency, safety and liking) was assessed. With these results it was expected that one or more colour and design combinations could be identified that can be more effective when designing a bike lane visual intervention in order to contribute with scientifically validated data in the generation of future norms and/or guidelines for the design of urban bike lanes. The procedure and materials involved are explained next.

Materials and Method {#sec002}
====================

Participants {#sec003}
------------

The sample was composed of 538 Chilean adults, with 424 fully completed surveys (79%), while the remaining presented various degrees of completeness, therefore analyses were performed excluding cases pairwise. The gender distribution shows 53.7% were female. Age ranged from 18 up to 58 or more, with 72.9% of the sample being concentrated between 18 and 32 years. The recruitment was non-probabilistic, voluntary, and web-based through e-mailed invitations. As the target users of bike lanes is the general population, regardless of their visual condition, no exclusion criteria related to visual conditions were considered as part of the design of this study.

Ethics statement {#sec004}
----------------

The study was part of a larger project on wellbeing approved by the ethics boards of Fondecyt (one of the Chilean science support offices) and the Universidad de Santiago de Chile---USACH. Informed consent was obtained explicitly from the participants as part of the electronic questionnaire used to collect the information. Participants were informed of their right to leave the study at any time if they wished without providing explanations or having some kind of consequence for them. Personal information of all participants was anonymized to keep their privacy.

Procedure {#sec005}
---------

The information was gathered through a computer-based quasi-experimental setting. Pictures of three real bike lane intersections were taken by our team (one fully painted intersection, one line-delimitation, and one intersection partially painted in a chess board design) and then digitally processed to modify the pavement colour intervention in order to display each design in yellow (L\*a\*b: 61.07, 6.39, 28.64), blue (L\*a\*b: 55.69, -6.08, -18.48), green (L\*a\*b: 55.59, -14.77, 10.23), white (L\*a\*b: 80.60, 0.00, 0.00) and red (L\*a\*b: 54.33, 34.92, 9.55). The pictures represent the three most commonly used road-intersection visual enhancements, which are shown in Figs [1](#pone.0160399.g001){ref-type="fig"} to [3](#pone.0160399.g003){ref-type="fig"}.

![Pictures of the fully painted intersections.](pone.0160399.g001){#pone.0160399.g001}

![Pictures of the line-delimited intersections.](pone.0160399.g002){#pone.0160399.g002}

![Pictures of the partially painted intersections.](pone.0160399.g003){#pone.0160399.g003}

The actual size of the previous images on screen (21 inches LCD monitor) was 20.5x11.5 cms for all the pictures. Following the display of one picture, a set of questions was presented related to perceptions of safety and aesthetic liking induced by the picture. The procedure was repeated until all 15 pictures had been randomly presented. Finally, participants were asked to complete a demographic questionnaire.

Instruments {#sec006}
-----------

The data were collected utilising one set of items designed by the authors. It consisted of 3 statements about colour-liking, saliency of the bike lane intersection, and safety perception, which were presented together with each picture (15 times in total). Each statement was followed by a five-point scale of agreement (1 = I strongly disagree; 5 = I strongly agree). An example of these questions can be found below in [Fig 4](#pone.0160399.g004){ref-type="fig"}.

![Example question.\
One picture of the research setting and the questions that follow it.](pone.0160399.g004){#pone.0160399.g004}

-   Q1: The colour of this bike lane intersection is clearly distinguishable.

-   Q2: The colour of this bike lane intersection seems pleasant to me.

-   Q3: The colour of this bike lane intersection seems appropriate for my safety.

Results {#sec007}
=======

Analytical strategy {#sec008}
-------------------

A series of descriptive analyses were used to characterise subjects' responses according to different conditions, combining colour and bike lane intersections. Afterwards, the mean score for each colour\*design were grouped by outcome variable and compared utilising a paired samples t-test, performing a Bonferroni post hoc test to determine differences between conditions. Finally, a multivariate analysis of covariance (MANCOVA) was performed utilising SPSS v.22 to assess the effect of pavement colour and pavement design on people's perception of liking, saliency and safety of the bike lane intersection, accompanied of a linear regression with perception of safety as dependent variable alone, as the variable more directly related to risk.

Descriptive Analyses {#sec009}
--------------------

Figs [5](#pone.0160399.g005){ref-type="fig"} to [7](#pone.0160399.g007){ref-type="fig"} show the mean scores of participants' liking for the colour, the evaluation of the pavement design saliency and the perception of safety. Such results are displayed by colour and intersection design, and it is possible to appreciate that their values are similar, with the exception of white, which presents lower mean scores for most of the conditions.

![Mean scores and error bars of the variable "liking of the colour", graphically represented for each colour and the three bike lane intersections.](pone.0160399.g005){#pone.0160399.g005}

![Mean scores and error bars of the variable "saliency of the intersection", graphically represented for each colour and the three bike lane intersections.](pone.0160399.g006){#pone.0160399.g006}

![Mean scores and error bars of the variable "perception of safety", graphically represented for each colour and the three bike lane intersections.](pone.0160399.g007){#pone.0160399.g007}

The relationships between the outcome variables can be observed in [Table 1](#pone.0160399.t001){ref-type="table"}. There is a significant correlation between them, and a particularly high one for the pair liking-saliency.

10.1371/journal.pone.0160399.t001

###### Pearson correlations between dependent variables.

![](pone.0160399.t001){#pone.0160399.t001g}

  Correlations                                                                                                 
  -------------- ---------------------------------------------- ---------------------------------------------- ------
  Liking         1.000                                                                                         
  Saliency       0.822[\*\*](#t001fn001){ref-type="table-fn"}   1.000                                          
  Safety         0.428[\*\*](#t001fn001){ref-type="table-fn"}   0.476[\*\*](#t001fn001){ref-type="table-fn"}   1.00

\*\* The correlation is significant at p\<0.01 (bilateral).

We wanted to assess the differences in the scores obtained in Likeness, Saliency and Safety among the different colour and design settings. A t-test for dependent samples was performed for each of the dependent variables, showing statistical differences among conditions. [Table 2](#pone.0160399.t002){ref-type="table"} shows the summary of the intra-subjects effects---no sphericity assumed according to Mauchly test.

10.1371/journal.pone.0160399.t002

###### Results of the intra-subject effect paired samples t-test among conditions and grouped by saliency, liking and safety.

![](pone.0160399.t002){#pone.0160399.t002g}

  Intra-subject effect test with Greenhouse-Geisser correction                                                        
  -------------------------------------------------------------- ------------- ---------- --------- --------- ------- -------
  Fully-painted                                                  1054,349      3,886      271,302   284,016   ,000    0,382
  Error                                                          1707,651      1787,679   ,955                        
  Line-demarked                                                  883,372       3,522      250,793   225,146   ,000    0,335
  Error                                                          1753,828      1574,474   1,114                       
  Partially-painted                                              200,898       3,361      59,775    50,478    ,000    0,107
  Error                                                          1683,501887   1421,669   1,184                       
  Liking                                                                                                              
  Fully-painted                                                  352,446       3,591      98,154    97,114    0,000   0,187
  Error                                                          1535,154      1518,881   1,011                       
  Line-demarked                                                  44,365        3,193      13,894    10,566    0,000   0,024
  Error                                                          1776,035      1350,644   1,315                       
  Partially-painted                                              42,192        3,314      12,731    11,100    0,000   0,026
  Error                                                          1607,808      1401,904   1,147                       
  Safety                                                                                                              
  Fully-painted                                                  711,894       3,849      184,940   198,214   0,000   0,301
  Error                                                          1655,706      1774,537   ,933                        
  Line-demarked                                                  632,458       3,539      178,721   160,855   0,000   0,265
  Error                                                          1757,542      1581,841   1,111                       
  Partially-painted                                              164,153       3,466      47,362    44,534    0,000   0,095
  Error                                                          1570,247      1476,478   1,064                       

The Bonferroni post hoc test compared the mean scores among colours (I-J) and designs (Fully painted, line-delimited, and partially-painted) grouped by dependent variable, confirming that in general red has significantly higher mean scores among conditions, followed by blue. White is the one with the lowest scores between conditions, except in the condition safety/partially painted intersection. More details can be found in the summary shown in [Table 3](#pone.0160399.t003){ref-type="table"}.

10.1371/journal.pone.0160399.t003

###### Summary of the Bonferroni post hoc test for comparison between conditions.

![](pone.0160399.t003){#pone.0160399.t003g}

  Pairwise Comparison   Fully Painted Intersection   Line Delimited Intersection   Partially Painted Intersection                                                              
  --------------------- ---------------------------- ----------------------------- --------------------------------------------- --------------------------------------------- ---------------------------------------------
  Liking                Yellow                       Blue                          -0.351[\*](#t003fn001){ref-type="table-fn"}   0.017                                         0.385[\*](#t003fn001){ref-type="table-fn"}
                                                     Green                         -0.037                                        0.274[\*](#t003fn001){ref-type="table-fn"}    0.584[\*](#t003fn001){ref-type="table-fn"}
                                                     White                         1.342[\*](#t003fn001){ref-type="table-fn"}    0.864[\*](#t003fn001){ref-type="table-fn"}    0.386[\*](#t003fn001){ref-type="table-fn"}
                                                     Red                           -0.901[\*](#t003fn001){ref-type="table-fn"}   -0.640[\*](#t003fn001){ref-type="table-fn"}   -0.379[\*](#t003fn001){ref-type="table-fn"}
                        Blue                         Yellow                        0.351[\*](#t003fn001){ref-type="table-fn"}    -0.017                                        -0.385[\*](#t003fn001){ref-type="table-fn"}
                                                     Green                         0.314[\*](#t003fn001){ref-type="table-fn"}    0.256[\*](#t003fn001){ref-type="table-fn"}    0.199[\*](#t003fn001){ref-type="table-fn"}
                                                     White                         1.692[\*](#t003fn001){ref-type="table-fn"}    0.847[\*](#t003fn001){ref-type="table-fn"}    0.001
                                                     Red                           -0.550[\*](#t003fn001){ref-type="table-fn"}   -0.657[\*](#t003fn001){ref-type="table-fn"}   -0.765[\*](#t003fn001){ref-type="table-fn"}
                        Green                        Yellow                        0.037                                         -0.274[\*](#t003fn001){ref-type="table-fn"}   -0.584[\*](#t003fn001){ref-type="table-fn"}
                                                     Blue                          -0.314[\*](#t003fn001){ref-type="table-fn"}   -0.256[\*](#t003fn001){ref-type="table-fn"}   -0.199[\*](#t003fn001){ref-type="table-fn"}
                                                     White                         1.378[\*](#t003fn001){ref-type="table-fn"}    0.590[\*](#t003fn001){ref-type="table-fn"}    -0.197[\*](#t003fn001){ref-type="table-fn"}
                                                     Red                           -0.864[\*](#t003fn001){ref-type="table-fn"}   -0.914[\*](#t003fn001){ref-type="table-fn"}   -0.963[\*](#t003fn001){ref-type="table-fn"}
                        White                        Yellow                        -1.342[\*](#t003fn001){ref-type="table-fn"}   -0.864[\*](#t003fn001){ref-type="table-fn"}   -0.386[\*](#t003fn001){ref-type="table-fn"}
                                                     Blue                          -1.692[\*](#t003fn001){ref-type="table-fn"}   -0.847[\*](#t003fn001){ref-type="table-fn"}   -0.001
                                                     Green                         -1.378[\*](#t003fn001){ref-type="table-fn"}   -0.590[\*](#t003fn001){ref-type="table-fn"}   0.197[\*](#t003fn001){ref-type="table-fn"}
                                                     Red                           -2.242[\*](#t003fn001){ref-type="table-fn"}   -1.504[\*](#t003fn001){ref-type="table-fn"}   -0.766[\*](#t003fn001){ref-type="table-fn"}
                        Red                          Yellow                        0.901[\*](#t003fn001){ref-type="table-fn"}    0.640[\*](#t003fn001){ref-type="table-fn"}    0.379[\*](#t003fn001){ref-type="table-fn"}
                                                     Blue                          0.550[\*](#t003fn001){ref-type="table-fn"}    0.657[\*](#t003fn001){ref-type="table-fn"}    0.765[\*](#t003fn001){ref-type="table-fn"}
                                                     Green                         0.864[\*](#t003fn001){ref-type="table-fn"}    0.914[\*](#t003fn001){ref-type="table-fn"}    0.963[\*](#t003fn001){ref-type="table-fn"}
                                                     White                         2.242[\*](#t003fn001){ref-type="table-fn"}    1.504[\*](#t003fn001){ref-type="table-fn"}    0.766[\*](#t003fn001){ref-type="table-fn"}
  Saliency              Yellow                       Blue                          -0.200[\*](#t003fn001){ref-type="table-fn"}   0.079                                         0.359[\*](#t003fn001){ref-type="table-fn"}
                                                     Green                         0.073                                         0.313[\*](#t003fn001){ref-type="table-fn"}    0.552[\*](#t003fn001){ref-type="table-fn"}
                                                     White                         1.196[\*](#t003fn001){ref-type="table-fn"}    0.830[\*](#t003fn001){ref-type="table-fn"}    0.465[\*](#t003fn001){ref-type="table-fn"}
                                                     Red                           -0.643[\*](#t003fn001){ref-type="table-fn"}   -0.448[\*](#t003fn001){ref-type="table-fn"}   -0.254[\*](#t003fn001){ref-type="table-fn"}
                        Blue                         Yellow                        0.200[\*](#t003fn001){ref-type="table-fn"}    -0.079                                        -0.359[\*](#t003fn001){ref-type="table-fn"}
                                                     Green                         0.274[\*](#t003fn001){ref-type="table-fn"}    0.233[\*](#t003fn001){ref-type="table-fn"}    0.193[\*](#t003fn001){ref-type="table-fn"}
                                                     White                         1.396[\*](#t003fn001){ref-type="table-fn"}    0.751[\*](#t003fn001){ref-type="table-fn"}    0.106
                                                     Red                           -0.442[\*](#t003fn001){ref-type="table-fn"}   -0.528[\*](#t003fn001){ref-type="table-fn"}   -0.613[\*](#t003fn001){ref-type="table-fn"}
                        Green                        Yellow                        -0.073                                        -0.313[\*](#t003fn001){ref-type="table-fn"}   -0.552[\*](#t003fn001){ref-type="table-fn"}
                                                     Blue                          -0.274[\*](#t003fn001){ref-type="table-fn"}   -0.233[\*](#t003fn001){ref-type="table-fn"}   -0.193[\*](#t003fn001){ref-type="table-fn"}
                                                     White                         1.122[\*](#t003fn001){ref-type="table-fn"}    0.517[\*](#t003fn001){ref-type="table-fn"}    -0.088
                                                     Red                           -0.716[\*](#t003fn001){ref-type="table-fn"}   -0.761[\*](#t003fn001){ref-type="table-fn"}   -0.806[\*](#t003fn001){ref-type="table-fn"}
                        White                        Yellow                        -1.196[\*](#t003fn001){ref-type="table-fn"}   -0.830[\*](#t003fn001){ref-type="table-fn"}   -0.465[\*](#t003fn001){ref-type="table-fn"}
                                                     Blue                          -1.396[\*](#t003fn001){ref-type="table-fn"}   -0.751[\*](#t003fn001){ref-type="table-fn"}   -0.106
                                                     Green                         -1.122[\*](#t003fn001){ref-type="table-fn"}   -0.517[\*](#t003fn001){ref-type="table-fn"}   0.088
                                                     Red                           -1.838[\*](#t003fn001){ref-type="table-fn"}   -1.279[\*](#t003fn001){ref-type="table-fn"}   -0.719[\*](#t003fn001){ref-type="table-fn"}
                        Red                          Yellow                        0.643[\*](#t003fn001){ref-type="table-fn"}    0.448[\*](#t003fn001){ref-type="table-fn"}    0.254[\*](#t003fn001){ref-type="table-fn"}
                                                     Blue                          0.442[\*](#t003fn001){ref-type="table-fn"}    0.528[\*](#t003fn001){ref-type="table-fn"}    0.613[\*](#t003fn001){ref-type="table-fn"}
                                                     Green                         0.716[\*](#t003fn001){ref-type="table-fn"}    0.761[\*](#t003fn001){ref-type="table-fn"}    0.806[\*](#t003fn001){ref-type="table-fn"}
                                                     White                         1.838[\*](#t003fn001){ref-type="table-fn"}    1.279[\*](#t003fn001){ref-type="table-fn"}    0.719[\*](#t003fn001){ref-type="table-fn"}
  Safety                Yellow                       Blue                          -0.101                                        0.038                                         0.177[\*](#t003fn001){ref-type="table-fn"}
                                                     Green                         0.069                                         0.151[\*](#t003fn001){ref-type="table-fn"}    0.233[\*](#t003fn001){ref-type="table-fn"}
                                                     White                         0.982[\*](#t003fn001){ref-type="table-fn"}    0.445[\*](#t003fn001){ref-type="table-fn"}    -0.092
                                                     Red                           -0.014                                        0.126[\*](#t003fn001){ref-type="table-fn"}    0.266[\*](#t003fn001){ref-type="table-fn"}
                        Blue                         Yellow                        0.101                                         -0.038                                        -0.177[\*](#t003fn001){ref-type="table-fn"}
                                                     Green                         0.170[\*](#t003fn001){ref-type="table-fn"}    0.113[\*](#t003fn001){ref-type="table-fn"}    0.057
                                                     White                         1.083[\*](#t003fn001){ref-type="table-fn"}    0.407[\*](#t003fn001){ref-type="table-fn"}    -0.268[\*](#t003fn001){ref-type="table-fn"}
                                                     Red                           0.087                                         0.088                                         0.090
                        Green                        Yellow                        -0.069                                        -0.151[\*](#t003fn001){ref-type="table-fn"}   -0.233[\*](#t003fn001){ref-type="table-fn"}
                                                     Blue                          -0.170[\*](#t003fn001){ref-type="table-fn"}   -0.113[\*](#t003fn001){ref-type="table-fn"}   -0.057
                                                     White                         0.913[\*](#t003fn001){ref-type="table-fn"}    0.294[\*](#t003fn001){ref-type="table-fn"}    -0.325[\*](#t003fn001){ref-type="table-fn"}
                                                     Red                           -0.083                                        -0.025                                        0.033
                        White                        Yellow                        -0.982[\*](#t003fn001){ref-type="table-fn"}   -0.445[\*](#t003fn001){ref-type="table-fn"}   0.092
                                                     Blue                          -1.083[\*](#t003fn001){ref-type="table-fn"}   -0.407[\*](#t003fn001){ref-type="table-fn"}   0.268[\*](#t003fn001){ref-type="table-fn"}
                                                     Green                         -0.913[\*](#t003fn001){ref-type="table-fn"}   -0.294[\*](#t003fn001){ref-type="table-fn"}   0.325[\*](#t003fn001){ref-type="table-fn"}
                                                     Red                           -0.996[\*](#t003fn001){ref-type="table-fn"}   -0.319[\*](#t003fn001){ref-type="table-fn"}   0.358[\*](#t003fn001){ref-type="table-fn"}
                        Red                          Yellow                        0.014                                         -0.126[\*](#t003fn001){ref-type="table-fn"}   -0.266[\*](#t003fn001){ref-type="table-fn"}
                                                     Blue                          -0.087                                        -0.088                                        -0.090
                                                     Green                         0.083                                         0.025                                         -0.033
                                                     White                         0.996[\*](#t003fn001){ref-type="table-fn"}    0.319[\*](#t003fn001){ref-type="table-fn"}    -0.358[\*](#t003fn001){ref-type="table-fn"}

\* The correlation is significant at p\<0.05 (bilateral).

\*\* The correlation is significant at p\<0.01 (bilateral).

The descriptive information is useful to understand the predominance of certain colours or combinations of colours and design, but insufficient to understand the effect of the colour on the perceptions of safety, liking and visual saliency. The section below presents more analyses which will help achieve a clearer understanding of how much the colour determines some perceptions and to distinguish it from the effect of the selected intervention design.

Multivariate Analysis {#sec010}
---------------------

A full-factorial MANCOVA examined colour-liking, intersection-saliency and perceived safety as dependent variables, and the colour of the pavement intervention (5 categories) and the intersection design (three categories) as independent variables, with design as the covariate. It showed a significant multivariate effect for colour (F(12) = 71.713, p\<0.000, Wilks's Lambda = 0.876), intersection design (F(3) = 3.960, p\<001, Wilks's Lambda = 0.998) and the interaction between them (F(12) = 36.536, p\<0.000, Wilks's Lambda = 0.934).

The inter-subject effect tests ([Table 4](#pone.0160399.t004){ref-type="table"}) shows colour as significantly affecting liking, saliency and safety. The intersection design is significantly related to liking and saliency, but not significantly related to safety. Finally, it can be observed that the interaction between colour and intersection design is significant to liking, saliency and safety, directly affecting the value of the partial eta squared (effect size). The implications are discussed in the following section.

10.1371/journal.pone.0160399.t004

###### Results of the multivariate analysis of variance (MANOVA) performed to assess the effect of colour and intersection design on the dependent variables.

![](pone.0160399.t004){#pone.0160399.t004g}

  Tests of inter-subject effects                                                                                                    
  -------------------------------- ---------- ------------------------------------------------ ------ ---------- ---------- ------- -------
  Corrected Model                  Liking     1919.566([a](#t004fn001){ref-type="table-fn"})   9      213.285    178.306    0.000   0.202
                                   Saliency   1360.737([b](#t004fn002){ref-type="table-fn"})   9      151.193    133.750    0.000   0.159
                                   Safety     433.983([c](#t004fn003){ref-type="table-fn"})    9      48.220     44.481     0.000   0.059
  Intercept                        Liking     7919.539                                         1      7919.539   6620.722   0.000   0.511
                                   Saliency   7155.686                                         1      7155.686   6330.146   0.000   0.499
                                   Safety     8624.769                                         1      8624.769   7955.975   0.000   0.556
  Colour                           Liking     955.699                                          4      238.925    199.741    0.000   0.112
                                   Saliency   616.601                                          4      154.150    136.366    0.000   0.079
                                   Safety     389.086                                          4      97.272     89.729     0.000   0.054
  Design                           Liking     10.793                                           1      10.793     9.023      0.003   0.001
                                   Saliency   9.457                                            1      9.457      8.366      0.004   0.001
                                   Safety     0.013                                            1      0.013      0.012      0.911   0.000
  Colour \* Design                 Liking     411.215                                          4      102.804    85.944     0.000   0.051
                                   Saliency   239.624                                          4      59.906     52.995     0.000   0.032
                                   Safety     277.855                                          4      69.464     64.077     0.000   0.039
  Error                            Liking     7.590.924                                        6346   1.196                         
                                   Saliency   7173.608                                         6346   1.130                         
                                   Safety     6879.457                                         6346   1.084                         
  Total                            Liking     68791.000                                        6356                                 
                                   Saliency   62044.000                                        6356                                 
                                   Safety     67828.000                                        6356                                 
  Corrected Total                  Liking     9510.490                                         6355                                 
                                   Saliency   8534.346                                         6355                                 
                                   Safety     7313.440                                         6355                                 

^a^. Liking R squared = 0.202 (Adjusted R squared = 0.201)

^b^. Saliency R squared = 0.159 (Adjusted R squared = 0.158)

^c^. Safety R squared = 0.059 (Adjusted R squared = 0.058)

Given the relevance of the perception of safety to reduce the risk and improve de usage of bike lanes, an analysis of covariance (ANCOVA) was calculated to predict perception of safety, with colour and design as independent categorical variables. A significant, nonetheless small effect, was found (F(2,1) = 23.944, p\<0.000), with a R square of 0.007, B estimate for colour of -0.066 (p\<0.000) and for design of 0.002 (p\>0.88). These results are very similar to those observed in [Table 4](#pone.0160399.t004){ref-type="table"}.

Summarising, the main post-analysis highlights are the following:

1.  From the colours included in the study, red is the one with the highest association to perceived liking and perceived saliency of the intersection.

2.  Of the colours included in the study, white is the least consistent in generating positive perceptions.

3.  There is a high correlation between how clearly people perceive the colour and the how much they like it.

4.  The effect of the colour intervention on the bike lane is more relevant than the effect of the design used.

Discussion {#sec011}
==========

Many countries have decided to intervene in the colour of bike lane pavement to increase the feeling of safety and liking when people use them. However, the authorities responsible for such interventions do not have a body of systematic scientific evidence available on which to base their choice of colour and design. The goal of this research was to contribute with data regarding the effect of the colour on people's perceptions of liking of the bike lane, visual saliency of the bike lane intersection and the attribution of safety to the bike lane. At the same time, the design of such interventions was taken into account and included in the analysis.

The main conclusion that can be inferred from the results is that the use of colour is more relevant that the design utilised, according with their effect size. Colour in the bike lanes would have a positive effect on people perceptions, especially on likeness and saliency. The effect of design is significant, but with a lower explanatory power, which might suggest equivalent effects on people's perception despite the different designs implemented.

Nonetheless, not all the colours produce the same effect. Of the five colours included in this study---based on these being the five colours used in most pavement colour interventions---red was consistently related to higher scores of the outcome variables, which may be related to its evolutionary and adaptive role mentioned by Fetterman et al. \[[@pone.0160399.ref002]\]. Yellow and blue produced similar effect as well, but slightly lower. White was the weakest colour, except when the intersection was partially painted---like a chess board. There is no clear explanation for this, but it might be due to the fact that such an intervention is wider than the rest and more similar to a regular pedestrian crossing, producing better recognition and perception of safety than the rest of the colours.

Another interesting finding is the relationship between visual saliency and liking (r = 0.822, p\<0.001). The design of the present research cannot answer whether visual saliency produces liking, or it is the individual's colour preference that produces better recognition, but it is an interesting issue to pursue. The relationship between visual saliency and safety was also positive and significant (r = 0.476), a result that could be expected given the rationale that more effective signalling should induce a greater feeling of safety, but at the same time it draws even more attention to the strong relationship between visual saliency and liking. Future research should delve more deeply into these relationships, including in their design objective measures of safety to be contrasted with the subjective perceptions included in this study, and concepts such as "happy routes" \[[@pone.0160399.ref021],[@pone.0160399.ref022]\] in order to assess the effect of urban design on people's election of routes and its impact on physical and psychological wellbeing.

In summary, it can be said that the present research answered the questions that guided it. On the one hand, it endeavoured to identify the role of colour and the design of the pavement intervention in bike lanes. Based on these results, it can be stated that the use of colour is more relevant than the design chosen. It is not the same as saying that the design has no effect, but it means that the difference among designs is not statistically relevant. On the other hand, and considering the colour, it is possible to suggest some guidelines to help decide the best colour to use in a pavement intervention. From our results, red appears to be the best choice to induce liking towards the bike lane, saliency towards the marked intersection, and a sensation of subjective safety for the user. Closely behind are yellow and blue.

Regarding the limitations of the present research, it is important to highlight that no objective measures of safety were included in the design. To assess the real effect of colours in reducing the accident rate, together with the subjective experience of the users, it is relevant to make correct decisions and evaluate the convenience of the use of one colour above the others. Another limitation was the lack of validated instruments as part of the design, which was in part due to the lack of similar research to use as a reference. Nonetheless, the use of technology to design and simulate the experimental settings can be considered a suitable solution for this. The questions were clear, direct and reflected in their answer options the continuum of agreement on these variables that can be found in reality.

It could be argued that the use of pictures of real scenarios and its later modification might rest validity to the results. It was intended to replicate natural contexts as similar as possible with the techniques currently available, in order to assess situations that otherwise can be considered as highly difficult to handle and control. Furthermore, the use of pictures to elicit subjects responses has been proved useful in similar studies \[[@pone.0160399.ref023]--[@pone.0160399.ref025]\]. Another issue to be addressed on the use of images in research is the one related to image visualization and monitor calibration. In this study, the resolution of the 21" HP Compaq Pro 4300 monitor utilized was 1600x900 pixels, 32 bits real colour, a screen refresh ratio of 60 Hz, 100/100 brightness, under artificial light conditions (cold light incandescent bulb) without direct reflection on the screen. In order to ensure replicability L\*a\*b values have been also indicated.

Finally, in future research it would be interesting and relevant to have more detail in the particular points of view of cyclists, drivers and pedestrians. It can be possible to identify perceptual and attitudinal differences, and also common issues regarding road safety, aspects that the current study cannot offer.

With all of the above, it is expected that this study will be useful for those responsible for making decisions about the design of bike lanes, to other researchers in the field of colour perception and its applications, and for the general public interested in topics related to the design of a safer and nicer city to live in.

Supporting Information {#sec012}
======================

###### Pictures of the fully painted intersections.

(TIF)
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Click here for additional data file.

###### Pictures of the line-delimited intersections.

(TIF)
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Click here for additional data file.

###### Pictures of the partially painted intersections.

(TIF)
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Click here for additional data file.

###### Example question.

One picture of the research setting and the questions that follow it.

(TIF)
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Click here for additional data file.

###### Mean scores and error bars of the variable "liking of the colour", graphically represented for each colour and the three bike lane intersections.

(TIF)
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Click here for additional data file.

###### Mean scores and error bars of the variable "saliency of the intersection", graphically represented for each colour and the three bike lane intersections.

(TIF)

###### 

Click here for additional data file.

###### Mean scores and error bars of the variable "perception of safety", graphically represented for each colour and the three bike lane intersections.

(TIF)

###### 

Click here for additional data file.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: **Conceived and designed the experiments:** PV-V DC SL.**Performed the experiments:** AS NR SM.**Analyzed the data:** CB.**Contributed reagents/materials/analysis tools:** CB SL AS FO.**Wrote the paper:** CB PV-V DC SL AS NR.
